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Abstract
There is a great progress in inorganic scintillators study, new crystals composition have been investigated, novel scintillation
mechanism have been discovered, and additional application have been appeared especially imaging for medical application.
There are a different academic and industrial program for the improvement of the scintillators crystals and applications. Since
fifteen years ago, fibers geometry is an attractive topic for a large wide of application such lasers and scintillation. In spite of the
big scientific and industrials efforts for fibers valorisation, still now there aren’t a concrete applications based on fibers design.
This problem can be related to the application limit based on fibers design, single crystal fibers packaging, and the limit of fibers
single crystal growth technology compared to the bulk crystals elaboration.
Our teems are involved in different national and international fibers program. We are working on Bi4Ge3O12 (BGO) single crystal
fibers using micro-pulling down technology. The BGO crystals melt congruently at 1060°C and have many excellent
characteristics such as large density, short radiation length, light output as large as 10% of NaI:Tl, non hygroscopic, absence of
cleavage, mechanical rigidness, high resistivity to radiation damages and price is rather low compared to LSO crystals. In this
work, we present long BGO single crystalline fibers (Figure 1) grown by μ-PD. The obtained fibers have good qualities, the
optical properties will be discussed and we will evaluate their scintillation characteristics.
© 2009 Elsevier B.V.
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1. Introduction
The bismuth germanate Bi4Ge3O12 (known as BGO), was synthesized for the first time in 1973 by Weber and
Monchamp [1]. Because of their many advantages: a reasonable cost, high density, important Zeff factor, moderate
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decay time (300ns) as well as the possibility of making them grow out of crystals of big size, the scintillators
containing the crystal of bismuth germanate (BGO) found many applications as well in the field of technology as
that of the basic research. Nevertheless, the discovery of new materials scintillators such as: LSO, GSO,.. Limited a
little their fields to use it particularly in the applications of TEP Scan and the nuclear physics but there remains
always the best compromise between cost and performances especially in the field of the high-energy physics.
Although the BGO was drawn by various methods of crystallogenesis such as: Czochralski [2], Bridgman [3], LT-
Cz [4], HEM [5], etc…, of the problems of reproducibility were brought back. The whole of the crystals, produced
by the traditional techniques of crystallogenesis presented facets. The crystals which had a moderate quality of
crystalline were grown by the low thermal gradient Czochralski technique (LTG-Cz) [4]. The use of BGO for
applications of scintillation requires single crystals of a great quality crystalline and high performance of
scintillation. The control of the composition and the optical quality are two paramount factors for the design of
accessories which that containing scintillators. Recently, the format fiber is geometry which has several advantages
for the design of new detectors fibers, and composing for optics today is unrealistic to imagine cutting single-crystal
fibers starting from a ball of BGO produced by the Czochralski technique. In this work, we worked on the
crystalline fiber BGO growth by the micro- pulling down technique with an aim of controlling cristallogenes of
geometry BGO fiber and of conceiving a method of pulling to ensure an industrial transfer for the crystalline mass
production of fibers BGO.
2. TECHNIQUE OF GROWTH
The BGO crystals are growth in the form of fibers by the μ PD technique using falls from rough single crystals
BGO produced by the Czochralski technique. This path was used with an aim of overcoming the procedure of
synthesis of phase of BGO by sintering in a solid state and especially to avoid errors of weight because of the small
quantities (hundred milligrams) of the used raw material. We have used crucible manufactured manually starting
from a sheet of platinum (6.5*7*0.6) mm3 and Pt capillary of 1mm length and 600μ of diameter. The seed used are
cut in a block of crystal commercial according to the selected directions: [001], [111], [011]. For pulling starting
from a seed of a random orientation we used platinum files. (Figure 1) described the various phases intermediary
during the crystallogenesis of BGO fibers by the micro-pulling down technique. For the study of the light
propagation in fiber, the latter is surmounted on a removable assembly which allows relocating perpendicular to the
irradiative beams (x-ray), the light emitted is collected and led by a whole of an optical fiber towards a CCD camera.
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3. RESULT AND DISCUSSION
3.1. Fiber BGO growth
In spite of the congruence of the BGO, a superfusion of the liquid would cause a vaporization of bismuth oxide
because of the strong steam pressure of Bi2O3, which would lead to a displacement of the balance and the non
control of the process of pulling which will be accompanied by the secondary generation of phases and
disappearance by the transparency by our fibers. This point was very important for the continuation of our pulling,
because it was very essential to optimize the powers of the fusion of the raw material moreover, One overheating of
the crucible accelerates the evaporation of bismuth what results in enriching the liquid germanium phase. It is
essential to use the good speed of pulling in order to have a stationary state which is corresponding to a balance of
transferring the matter of the liquid state at the solid state (crystallization). The optimal speed of pulling makes it
possible to obtain a meniscus with a length H corresponding in a stable condition of pulling. Generally, the shape of
the meniscus controls the dynamics of crystallogenesis. The geometry of fiber is given by the contact angle which
determined by the meniscus of the molten zone. The length of the meniscus makes it possible to determine the
thermal distribution in the molten zone. The position and the geometry of the interface of crystallization (crystal-
liquid) make it possible to determine the isotherm corresponding to the temperature of solidification (generally very
near the temperature of balance of fusion of the BGO).
We noticed that an increase or a reduction length of the meniscus is accompanied by an increase or a reduction
by the heat applied to the liquid. This causes a reduction or an increase in the diameter of the heat applied to the
liquid. The state of balance corresponds to surfaces of crystallization occupying all the part of the capillary. The
length of the meniscus which corresponds to balance is of a few microns. We worked relatively with low speeds, but
pulling becomes difficult for fast speeds (>0.5mm/min). Fibers transparent and free from defects macroscopic have
summers obtained starting from a speed of 0,1 mm with weak super fusion (figure 2)
Fig. 2. Transparent fibers BGO.
Whatever is the initial orientation of the seed, in a state stationary of the growth corresponding to the balance of
pulling (very weak super fusion, v=0.1mm/min, 1mm of capillary length and 600μ of diameter), we have succeeded
to obtain directed BGO fibers according to the initial direction of the seed. The orientation was confirmed by the
Laue method. We had difficulties of pulling by using a platinum wire like initial germinates, this is in particular
related to the effect of the transfer of heat of platinum towards the molten zone (hanging drop). Indeed, by
approaching the seed to the melted zone, this appears by the fall in its temperature because of the variations of
thermal conductivity between the platinum and the BGO liquid what will cause a solidification of the molten zone.
In order to remelt the liquid in the capillary, it is essential to heat the crucible what will cause a fluctuation of the
temperature in the crucible. The raw material in the outside of the capillary will strongly vaporize, moreover the
liquid in the capillary will melt with a strong loss of Bi2O3 on the level of the lips of the capillary what will cause a
variation of the composition of the BGO which will appear by the precipitation of a ceramics rich in GeO2. The first
part of the length fiber (1 to 3 cm) will be transparent and degraded because of the strong volatility of Bismuth
oxide. At the end of pulling, a yellow deposit of color is observed on the crucible and the furnace of pulling
characterizing Bi2O3.
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3.2. Optical characterization
Basic tests (measurements of decay time, excitation spectra and emission spectra) were carried out with the
temperature room on a BGO fiber. The results obtained were compared with those given in the literature on a crystal
of BGO which produced by the conventional techniques. The decay time measured on our fiber is about 300ns
which is in agreement with that given by the literature (Fig. 3a)
Fig.3. Characteristics of fibers BGO growth by μ- PD technique.
The emission spectrum is represented on the figure 3c. One can note on this figure that the fluorescence of our
fibers is characterized by broad band of emission with a maximum located at 480nm.
The two results obtained (spectrum of excitation and emission spectrum) are in concord with the characteristics
deduced starting from the BGO crystals synthesized by the traditional methods [5, 6].
3.3. Study of the light propagation in fibers BGO:
The tests of scintillations were carried out under excitation X in various points of fiber along the longitudinal
axis. These tests were carried out for the whole of the followed orientations ([001], [111] and [110]) as for fiber of
random orientation drawn starting from the platinum seed (Fig. 4).
Fig. 4. Emission spectra obtained for various positions along fibers for the various orientations.
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The emission spectra presented on the (Fig. 4) give the number of photons detected to the exit of single-crystal
fiber scintillatrice according to the wavelength during an excitation by x-rays during one second. By integrating the
emission spectrum, one obtains a value proportional to the full number of photons emitted by crystalline fiber for a
given position of interaction. (Figure 5) represents the values obtained according to the position of x-rays interaction
for the whole of fibers BGO of various orientations like that pulled with a platinum seed. This enables us to
represent the evaluation of the number of photons emitted by an optical fiber according to the position of interaction.
For the losses which can be introduced during the detection of the light, we privileged to normalize the obtained
emission spectra. The normalization of these curves emphasizes the general evolution of each curve and the relative
variation of each measurement without being more concerned with a possible difference in quantity in light.
Fig. 5. Variation of the quantity of light normalized by unit of time according to the distance for the whole of drawn fibers.
One can note on (Fig. 5) that the number of photons detected at the end of fiber decrease when the position of
interaction along crystalline fiber moves away from the end of fiber, i.e. when the distance from propagation of the
photons in fiber increases.
This attenuation of the transmitted light can be explained by two factors:
-The intrinsic absorption of the light by fiber BGO. However, one can estimate that this absorption is very weak
for a crystal of good quality crystalline.
- Losses of the light during its propagation in this material are due to various physical phenomena.
Generally, intrinsic absorption or the car absorption of the light by a material is due to the overlapping of the
absorption and emission spectra of material or presence of the impurities. In the case of the BGO, this last present a
great shift between the emission and absorption spectrum, consequently, the reabsorption due to cover between
these two spectra is theoretically null; it follows that the losses of the light by the intrinsic absorption of material
will be inevitably allotted to the crystalline quality of the fibers (presence of the impurity or the defect in material).
In this present work, we are interested by the effect of the intrinsic absorption of the light by the crystal
If it is considered that the losses of the light over the length of fiber are due primarily to the phenomenon of
intrinsic absorption, the latter will then be characterized by a constant absorption coefficient. One plots the curve log
(nbr. Ph) according to the distance d, one should obtain a line. The evolution of the curve log (nbr. Ph.) = F (d) is
presented on (Fig. 6)
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Fig. 6. Evolution of log (nbr. Ph.) according to the distance to the point of Interaction.
On this figure, one can notice that the shape of the obtained curves is not that of a line and that of the absorption
coefficient decreases, which confirms the presence of the two phenomena (loss by intrinsic absorption and
propagation. The normalization of the emission spectra of (Fig. 3) (represented on Fig.7) will eliminate the effect of
the loss from the light by propagation and will only take account of the intrinsic absorption of material effect.
This phenomenon of intrinsic absorption is characterized on these normalized curves (Fig. 7) by a shift of the
curves towards the big wavelengths.
Fig.7. The normalized obtained Emission spectra for various positions of interaction along single-crystal fibers for various orientations.
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With the same manner which one has already carried out on the not normalized emission spectra (Fig. 5), the
integral of the normalized curves of emission presents the quantity of light emitted by these fibers (Fig. 8). Thus,
this figure represents the variation number of photons along the longitudinal axis of fibers it so, one can notice on
the figure where the variation is almost linear, the contribution of the effect of intrinsic absorption is very weak and
the computed values are between 1.8% and 8% (thus, one can estimate the loss of the light due to the effect of
intrinsic absorption.
Fig.8. Evolution of log (nbr. Ph.) according to the distance to the point of interaction.
According to these values, we can note that the losses are negligible, thus confirm the crystalline good quality of
our fibers.
So, these results show that the contribution of the intrinsic absorption of material is very weak and the attenuation
of the light is due mainly to the loss by propagation.
4. Conclusion
We could growth fibers of the type Bi4Ge3O12 (BGO) in a reproducible way by the Micro Pulling Down
technique (μ-PD) according to various orientations with a diameter of 600μ. By controlling the various parameters
of pulling, we could optimize the crystalline quality of these fibers. The fibers obtained are transparent and free from
macroscopic defects (facets, bubbles, aces,…). The tests of scintillation showed that these fibers had the same
characteristics as the crystals produced by the conventional techniques. Measurements of transmission of the light
were also taken and showed that whatever is the orientation of these fibers, the attenuation of the light due to the
phenomenon of intrinsic absorption is very weak what confirms the crystalline good quality of our fibers.
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